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Abdominal aortic aneurysm (AAA) enlarges after successful endovascular repair, because of persistent blood flow within
the aneurysm sac, or endoleak. In the absence of detectable endoleak, AAA may still expand, in part because of persistent
pressurization within the excluded aneurysm, or endotension. We report three patients who underwent successful
endovascular AAA repair in whom postoperative surveillance showed aneurysm regression, yet delayed AAA enlargement
without demonstrable endoleak developed in all three patients. Endotension was confirmed in all three patients at elective
open conversion. Our study underscores the significance of endotension as a mechanism of delayed aneurysm enlargement
after successful endovascular AAA repair. (J Vasc Surg 2003;38:840-2.)
The goal of endovascular abdominal aortic aneurysm
(AAA) repair is to prevent aneurysm rupture by excluding
the aneurysm from the aortic circulation. Because side
branches such as the inferior mesenteric artery and lumbar
arteries are not ligated, persistent blood flow within the
aneurysm sac may exist even after aortic endograft place-
ment. As the result of this phenomenon, or endoleak, some
aneurysms may enlarge and eventually rupture after endo-
vascular repair.1-4 Even in the absence of endoleak, the
AAA may continue to enlarge after endovascular repair.5
Although the pathogenesis of this phenomenon remains
unclear, some researchers have postulated that persistently
elevated pressure within the aneurysm may be a contribu-
tory factor.5-7
We present three case reports for patients who under-
went endovascular AAA repair in whom postoperative sur-
veillance demonstrated aneurysm regression, yet late aneu-
rysm enlargement without detectable endoleak developed
in all three patients. Elevated aneurysm sac pressure, or
endotension, was demonstrated during open conversion in
all three patients. Our findings underscore the significance
of endotension as a mechanism for delayed aneurysm en-
largement after successful endovascular AAA repair.
CASE REPORTS
Case 1. A 69-year-old man underwent endovascular repair of
a 5.5-cm AAA, with a bifurcated EVT stent graft (Endovascular
Technologies, Menlo Park, Calif). Although the completion an-
giogram showed complete aneurysm exclusion, a computed to-
mography (CT) scan at 1-month follow-up demonstrated a type II
endoleak. Subsequent follow-up CT scans at 12 and 24 months
showed no endoleak, and the aneurysm diameter had decreased to
5.3 cm. An abdominal CT scan at 36 months showed aneurysm
enlargement of 5.7 cm, despite no detectable endoleak. Further
studies with duplex abdominal ultrasound scanning and aortogra-
phy also failed to reveal any flow within the aneurysm sac. Aortog-
raphy was next performed, with the patient in a prone position. A
4F microcatheter (Meditech, Natick, Mass) was used, with a
translumbar approach, to directly measure intra-aneurysm pres-
sure. Systolic and diastolic intra-aneurysm pressures were identical
to the systemic blood pressure. In addition, the intra-aneurysm
pressure recording exhibited pulsatile waveforms similar to those
of the systemic pressure. The patient subsequently underwent
open conversion. Intra-aneurysm pressure was again measured
intraoperatively with direct needle puncture, and revealed pressure
10 mm Hg below systemic blood pressure. On opening the
aneurysm sac, no visible blood flow was detected from either the
endograft attachment site or visceral branch vessels. Aortobiiliac
bypass grafting was performed, and the patient had an uneventful
recovery.
Case 2. A 78-year-old man underwent endovascular repair of
a 5.4-cm AAA, with a bifurcated Excluder stent graft (W. L. Gore
& Assoc, Flagstaff, Ariz). The completion arteriogram and serial
CT scans obtained to 24 months demonstrated a decrease in
aneurysm sac diameter to 5.2 cm without endoleak. At 36-month
follow-up, however, the aneurysm had enlarged at CT diameter
measurement to 5.8 cm, despite no detectable endoleak. Attempts
to identify an occult endoleak were unsuccessful and included
delayed contrast medium–enhanced CT scanning, duplex scan-
ning, and angiography. Microcatheterization of the right L4 lum-
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bar artery via the iliolumbar artery was performed. The catheter
was advanced to the aneurysm sac, and systolic pressure 10 mm Hg
below the systemic systolic blood pressure was noted. Both intra-
aneurysm and systemic pressure recordings showed similar pulsa-
tile waveforms. In the absence of detectable endoleak, the patient
was observed for an additional 8 months, when CT scans demon-
strated progressive aneurysm expansion to 6.1 cm. Elective open
conversion with endograft explantation was performed. Intraoper-
ative aneurysm sac pressure measurement revealed systolic pressure
15 mm Hg below the systemic systolic blood pressure. On opening
the aneurysm sac, no active blood flow was encountered, and the
sac contents contained gellike soft thrombus that showed no
evidence of absorption or contraction. A conventional tube graft
repair was completed, followed by uneventful recovery.
Case 3. A 72-year-old man underwent successful endovascu-
lar repair of a 6.1-cm AAA, with an Excluder stent graft (W. L.
Gore). Completion angiogram and subsequent CT scans at 1, 6,
12, and 24 months showed complete aneurysm exclusion without
endoleak. The maximal aneurysm diameter had decreased to 5.7
cm at 24 months. By the 36-month follow-up, delayed contrast-
enhanced CT scans revealed diameter expansion to 7.0 cm without
endoleak. Abdominal duplex scans and aortograms similarly re-
vealed complete aneurysm exclusion without detectable endoleak.
Because of the rapid aneurysm expansion, open conversion was
performed. Intraoperative pressure measurement showed intra-
aneurysm pressure of 94/52 mm Hg, compared with systemic
pressure of 103/64 mm Hg. The intra-aneurysm pressure wave-
form was pulsatile. After aortic clamp placement, intra-aneurysm
and systemic blood pressures were 24/17 mm Hg and 126/98
mm Hg, respectively. No evidence of side branch blood flow or
attachment site endoleak was found on opening the aneurysm sac.
The AAA was successfully repaired with a tube graft after endograft
explantation. The patient recovered uneventfully and was dis-
charged to home 7 days later.
DISCUSSION
Our findings underscore several important concepts in
endovascular treatment of AAA. First, an aneurysm may
continue to enlarge without detectable endoleak after en-
dograft placement. Second, elevated pressure within the
aneurysm sac, or endotension, contributes to aneurysm
expansion. Third, aortic aneurysm enlargement after endo-
vascular repair without a detectable endoleak likely repre-
sents the presence of endotension. Last, our study illus-
trates that delayed aneurysm expansion after AAA
regression can occur, which highlights the importance of
lifelong surveillance after endovascular repair.
In all three of our patients delayed aneurysm expansion
developed after endovascular repair. Despite exhaustive
imaging studies, which included duplex ultrasound scan-
ning, delayed contrast-enhanced CT, and angiography, we
were unable to detect any endoleak in these patients. The
pressurized aneurysm sac, or endotension, was confirmed at
angiography with intra-aneurysm pressure measurement.
The use of angiograms for intra-aneurysm pressure mea-
surement after endovascular repair has been reported pre-
viously.5,8-10 Baum et al8 described two approaches to
intra-aneurysm pressure assessment, including direct trans-
lumbar access through the aneurysm sac puncture for pres-
sure measurement and selective cannulation of the inferior
mesenteric artery via either the superior mesenteric artery
or the hypogastric arteries. We used the former approach in
case 1 and the latter approach in case 2 to assess endoten-
sion. In case 3, intra-aneurysm pressure was measured with
direct needle puncture during open conversion. We noted
elevated intra-aneurysm blood pressure in all three patients,
with mean intra-aneurysm pressure within 15 mm Hg of
the respective systemic mean arterial pressure. In a similar
clinical report, White et al5 described three patients who
underwent successful endovascular AAA repair, yet delayed
aneurysm enlargement developed at least 18 months later.
Despite the absence of a detectable endoleak, all of their
patients had elevated endotension comparable to the sys-
temic blood pressure at open conversion. On the basis of
their intraoperative observation, the authors implicated
intra-aneurysm thrombus as the means of pressure trans-
mission that precipitated AAA enlargement.
The exact mechanism of persistent endotension with-
out detectable endoleak remains unclear. Some researchers
theorize that endotension is a result of direct pressure
transmission from the adjacent aortic lumen to the aneu-
rysm sac.5,6,11 While this seems plausible, we postulate that
endotension, which occurred in our patients who all dem-
onstrated aneurysm enlargement, may represent a low-flow
endoleak that was not visualized with conventional imaging
methods. This is supported by the fact that aneurysm
enlargement cannot occur without expansion of intrasac
volume, which is likely due to ongoing thrombus accumu-
lation caused by a low-flow endoleak. Other pathogenic
mechanisms of aneurysm expansion after endovascular re-
pair have also been proposed.5-7 One possibility is proteo-
lytic degradation of the enzymatic activity in the intrasac
thrombus, which results in weakening or thinning of the
aneurysm wall.12 La Place’s law states that the wall stress of
a lumen is directly related to the radius and intraluminal
pressure and is inversely proportional to wall thickness. This
theory predicts that elevated intrasac pressure or increased
aneurysm diameter in a weakened aneurysm wall should
increase wall tension and risk for rupture. Another explana-
tion for endotension may be related to pressure transmis-
sion through the wall of the stent graft. All current Food
and Drug Administration–approved aortic endograft de-
vices are made of different fabric materials with varying
degrees of porosity.13 Graft material causes accumulation
of serous fluid by transudation through a polytetrafluoro-
ethylene graft material used in conventional open AAA
operations.14 Pressure transmission through the endograft
wall consisting of a thin polytetrafluoroethylene graft may
be enhanced because of greater graft porosity. This may
have been a contributory mechanism in two of our patients
in whom late aneurysm enlargement developed after Ex-
cluder endograft (W. L. Gore) placement. Last, a report by
Ouriel15 implicated defects in endograft fabric caused by
sutures that anchor the fabric to nitinol stents as a mecha-
nism of late aneurysm expansion.
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In conclusion, our findings support the concept of
endotension as a mechanism of aneurysm expansion after
endovascular repair. Moreover, delayed aortic aneurysm
expansion in the absence of detectable endoleak after en-
dovascular repair likely represents the presence of pressur-
ized aneurysm, or endotension. Although more studies are
needed to elucidate the natural history of endotension after
endovascular aneurysm repair, we believe open conversion
should be considered as a treatment option in the event of
aneurysm expansion despite successful endograft aneurysm
exclusion. Our report underscores the importance of long-
term surveillance after endovascular AAA repair to ensure
treatment success.
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